recently emphasized the fact that many diabetics are overweight for their age, sex and height when the diagnosis of diabetes is first made, or have a history of obesity before they develop diabetic symptoms. It has seemed of interest, on this account, to observe the results of an alimentary glucose tolerance test in a series of nondiabetic obese patients in an attempt to determine how many had an abnormally low tolerance, and could, therefore, be classified on laboratory, as well as clinical evidence, as being prediabetic.
Joslin 1 recently emphasized the fact that many diabetics are overweight for their age, sex and height when the diagnosis of diabetes is first made, or have a history of obesity before they develop diabetic symptoms. It has seemed of interest, on this account, to observe the results of an alimentary glucose tolerance test in a series of nondiabetic obese patients in an attempt to determine how many had an abnormally low tolerance, and could, therefore, be classified on laboratory, as well as clinical evidence, as being prediabetic.
For this purpose a group of thirty-two stout persons was studied, consisting of eight men and twenty-four women who came to the Mayo clinic for obesity or for obesity and some secondary ailment which could not definitely be related to diabetes. The urine of each patient was sugar-free on routine examination.
One of the men weighed 370 pounds, one weighed 285 pounds, one 253 pounds, and the others were at least 10 per cent. overweight for their age according to the Medico-Actuarial statistics.2 The heaviest woman weighed 291 pounds and several others weighed more than 225 pounds. The women, as well as the men, all weighed at least 10 per cent, more than the normal for their respective ages.
The glucose tolerance test was conducted according to the plan of Hamman and Hirschman.3
On the day of the test the patient ate no breakfast. A sample of blood and urine was obtained. The patient was given 100 gm. glucose in 500 c.c. lemonade. Samples of blood and urine were obtained thirty minutes later and one hour later. The patient was given 150 c.c. water. Two hours later samples of blood and urine were obtained and the patient was given 150 c.c. of water. Three hours later final samples of blood and urine were obtained. Thus each patient drank 800 c.c. of fluid during the period of study and samples of blood were taken five times. The volume of each urine specimen was recorded and each was tested for sugar by Benedict's qualitative method. The blood sugar concentration was estimated by the method of Folin and Wu.4
The observations on obese persons were controlled by similar tests made on ten nondiabetic patients of normal weight and on eleven mild diabetic patients. To the nondiabetic patients, however, 0.66 gm. glucose for each pound of body weight was given, and to the diabetic patients a routine dose of 50 gm. glucose was given instead of 100 gm. We were unable to graduate the dosage of glucose on the basis of body weight in the obese, as in the few cases tried such large doses as were necessary caused prompt nausea and vomiting. We did not feel justified in giving more than 50 gm. glucose to our diabetic patients as their urines had all been made sugar-free before their sugar tolerance was tested in this fashion, and we were afraid that larger doses might be harmful. The average curve in the nondiabetic controls was not remarkable.
The highest point in glycemia was reached shortly after the glucose was ingested and such hyperglycemia as occurred disappeared so promptly that the last blood sugar reading was no higher than the first.
The average curve in the diabetic patients was also typical. The blood sugar reading did not reach its maximum and did not return to its original base line as rapidly as in normal patients, and its highest point was much higher than in the control curve.
The curve of the patients with obesity is more interesting. It appears to be midway between the normal and diabetic curves, although it approaches the normal shape more closely than the diabetic. It does not suggest that most of the persons in the series according to this test were prediabetic.
When the patients are considered separately, however, certain features are noteworthy. Four patients had a fasting blood sugar above 0.15 per cent. Two of these had a normal type of sugar curve in other respects. The other two gave a reaction to glucose so typical of diabetes as more positively to suggest that they represented an early stage of the disease. The data from these two cases is shown graphically in Figure 2 . 
SYNOPSIS OF CASES
Case 1.-A woman, aged 32, 5 feet tall, had gradually gained from her normal weight of 120 pounds to her present weight of 164. She had no family history of diabetes or obesity. She came to the Clinic for the purpose of losing weight, and had no diabetic symptoms. Case 2.-A man, aged 49, came to the Clinic because of palsy of cerebral origin; he had no diabetic symptoms except that he had lost 70 pounds in weight during the last fifteen months. His present weight was 196 pounds. Six patients, while having a fasting blood sugar concentration of 0.12 per cent, or less, had a persistent hyperglycemia following the ingestion of glucose and thus resembled mild diabetes in their type of reaction. The data from a marked example of this description are shown graphically in Figure 3 .
Case 3.-This patient was a short woman, aged 41, with incontinence due to a urethral stricture. She had gained 29 pounds in the last six months owing to physical inertia and excessive eating. She weighed 204 pounds.
On the whole our results from blood sugar studies on obese patients with reference to the early diagnosis of diabetes mellitus were dis¬ appointing. The majority of the thirty-four patients observed had no fasting hyperglycemia and had a nearly normal blood sugar curve following the ingestion of 100 gm. glucose. Marked deviations from normal, suggestive of diabetes, occurred in but few cases. There seemed little evidence for the belief that this test as performed was of marked clinical value, except in rare instances. It is probable, how¬ ever, that more striking results would be obtainable if the dosage of Sugar excretion was estimated quantitatively in seventeen obese, four nondiabetic, and five diabetic patients. The total sugar eliminated after the sugar was ingested was determined by the method of Bene¬ dict,6 or of Benedict and Osterberg 7 on the urine excreted during the period of observation.
The amount of sugar excreted by the four nondiabetic patients varied between 64 and 467 mg. with an average of 233 mg. This, how¬ ever, was in sharp contrast to the sugar excretion of the five diabetic patients who all excreted much larger amounts.
The excretion"of sugar by the obese patients was of two distinct types. Eleven patients excreted a normal or less than the average normal amount of sugar following the ingestion of 100 gm. glucose, and six patients excreted an abnormally large amount. The essential features of these observations are recorded in Table 3 .
With two exceptions, all of the patients who excreted small amounts of sugar in the urine had a normal glycemia curve. The two remaining patients both had a diabetic type of glycemia so that in one the last sugar reading was 0.25 per cent, and in the other the first and fifth samples were within normal limits, but the three middle specimens gave readings of 0.18, 0.23 and 0.22 per cent, respectively. There was no evidence of any renal impermeability in these cases, though certain ones had symptomatic evidence of polyglandular insufficiency.
These data are recorded in Part I of Table 3 .
The fact that so many patients of this group excrete less than the average normal amounts of glucose after taking 100 gm. pure sugar is noteworthy. It could be explained on the ground that the dose of sugar used per unit of body weight was small and that, there¬ fore, the excretion of sugar was correspondingly small. On the other hand, the metabolism of obesity has received considerable investigation.
Most authors follow von Noorden's classification of the two types of obesity.8 The first depends on a normal metabolism with adiposity developing through an increased food intake and a diminished energy expenditure. The second depends on a true slowing of metabolism. There is abundant evidence to explain the cause of the first type of case. There is less evidence in favor of the second. However, certain fat persons undoubtedly show a tendency to gain weight despite an intelligent regulation of diet and exercise, and others fail to lose weight when taking a low calory diet over a long period of time. These facts suggest an abnormal metabolism as the true cause of the condition. Means 9 recently investigated the basal metabolism in obesity, using the Benedict apparatus and analyzing his data on the basis of the DuBois formula. He found no characteristic change in basal metabolism in the twelve cases which he studied, and he found that the specific dynamic action of protein was normal.
Waldvogel10 attempted to study one phase of fat metabolism in obesity by injecting beta-oxybutyric acid subcutaneously and following its excretion in the urine and expired air. His evidence is not con¬ vincing, although his conclusions .are interesting. He found a larger excretion of acetone in the expired air and urine of his obese patients than in control patients who had received the same dosage of acid, and, therefore, believed that in adiposity there was some disturbance in intermediary fat metabolism by which beta-oxybuturic acid was not burned to its usual completion.
Wilder and Sansum u reported on the sugar tolerance of a case of myxedema and five cases of hypophyseal disease which were studied by continuous intravenous injection. They found no increased tolerance in these cases by this method and concluded that the increased tolerance of such patients for sugar given by mouth is due to a retarded absorp¬ tion from the bowel rather than to any anomaly of intermediate metabolism. These authors obtained the same results in a few cases of obesity studied at that time.
Some of our observations suggest, in spite of this evidence to the contrary, that certain obese patients may store sugar with abnormal ease or else burn it with unusual thoroughness. At least this explanation would account for our findings in those patients without evidence of renal impermeability, who excreted an abnormally small amount of sugar in the urine following the ingestion of glucose, and which must have absorbed the sugar from the stomach as was shown by the temporary rise in the concentration of circulating sugar. A reaction of this sort by sparing protein or fat metabolism might readily be a factor in the development of "endogenous" obesity. It requires more thorough investigation.
The observations on the patients who excreted abnormally large amounts of sugar following the ingestion of glucose are summarized in Part II of Table 3 . All had a glycemia curve suggestive of mild diabetes. It would seem justifiable to believe that obese patients who respond to a standard dose of glucose by a curve of glycemia sug¬ gestive of diabetes, and by an increased total excretion of urinary sugar, should be treated at the outset for diabetes as von Noorden 12 found that of fifteen such patients whose course he followed for a long time, five were known to develop genuine diabetes later.
Several of our patients exhibited an interesting peculiarity in rela¬ tion to the excretion of urine following the rapid intake of 800 c.c. fluid. The nondiabetic controls excreted between 100 c.c. and 800 c.c. of urine under these conditions with an average excretion of 418 c.c.
Of thirty obese patients, three excreted less than 100 c.c. urine in the 11. Wilder, R. M., and Sansum, W. only four excreted more than the average normal of 418 c.c. Of the seven diabetic patients, on the other hand, only two excreted less than 300 c.c. urine in two hours, and the others excreted more than 500 c.c, so that the average of the group was 501 c.c. As a general rule, obese patients with normal' blood sugar curves and without an exaggerated glycuresis excreted small volumes of urine, while those with a diabetic curve of glycemia and with an increased excretion of sugar had a relatively large volume of urine. Such oliguria in obesity has been explained by Labbé and Furet13 on the basis of chlorid retention and by Grafe, 14 who found that interference with the water balance is not uncommon and is often dependent on interference with the thyroid mechanism for regulating intracellular water metabolism. The recent work of Larson, Weir and Rowntree 15 suggests that the pituitary gland, as well, may play a part in this mechanism. CONCLUSIONS Obese patients show characteristic changes in sugar and water metabolism which may be of importance in subsequent treatment. Certain patients show a relatively normal curve of glycemia following the ingestion of 100 gm. glucose. These patients tend to excrete small volumes of urine and small quantities of sugar. They do not appear to retain sugar because of an impermeable kidney but rather to have some disturbance in sugar and water metabolism which may be related to an endocrinopathy. It seems possible that these patients burn or store sugar with unusual rapidity, a reaction which may have a sparing influence on fat and protein metabolism and may be a factor in the development of adiposity. The effect of water retention in these patients is not known. They are probably not likely to develop sub¬ sequent diabetes, and should be treated for obesity and endocrine disease, if the existence is demonstrable.
On the other hand, another group of obese patients has a curve of glycemia following the ingestion of 100 gm. glucose which resembles that of mild diabetes. These patients excrete abnormally large amounts of glucose in their urine over a measured interval of time and excrete normal amounts of urine or may even have a slight diuresis. This type of case probably represents early diabetes and should be treated accordingly.
The fasting blood sugar estimation or the glycemia curve, alone, is of little significance and is probably of less importance than the determi¬ nation of glycuresis.
A sugar tolerance test in obese patients which includes a blood sugar curve and quantitative measurement of sugar and fluid output affords valuable diagnostic and therapeutic information.
